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L INTRODUCTION

This report certifies the Continuous Opacity Monitoring System specified in
"Instrument Description” in accordance with the requirements of USEPA

40CFR60, Appendix B, Performance Specification 1.

IL. INSTRUMENT DESCRIPTION

Customer Name;

Facility Location:

Tnstrument Model No.
Instrument Serial No.
Date Inst. Testied:

THE HOOVER COMPANY

NORTH CANTON, OH.
Instrument Manufacturer: MONITOR LARS

1.8541

1.5541-0428
15-Oct-96

1. SUMMARY OF TEST RESULTS

Calibration Error (%)

Response Time

Optical Alignment Sight Test

IV. DESIGN SPECIFICATIONS

Low
Mid

USEPA
Specification

<=3%
<=3%
<=3%

<= 10 seconds |2.47

Completed

TAW 40CFR60, App. B, PS1, 6.1 the following tests were performed to satisfy
the design specification requirements.

Test Umit Serial No.
Date of Test;

Date Manufactured:
Peak Spectral Response

Mean Spectral Response
Angle of view
Angle of Projection

| 1S541-0426 |
| 19-8ep-96 |
| 10-Sep-96 |

500-600 nm
500-600 nm
<=4 degrees
<=4 degrees

Results

{0.56 % |
[0.88 % |
[0.48 % |

seconds |
[pass |
[56000  nm |
1561.83 nm |
3.8 degrees |
[2.9 degrees ‘




TEST PROCEDURES
A. OPTICAL ALIGNMENT SIGHT TEST

The 1.5541 15 equipped with through the lens alignment and a lit target on the case
side of the reflector. Viewing through the lens alignment, it 1s possable to verify
and if necessary, adjust the instrument alignment at any time during operation.
Using the lens alignment, an operator sights across the stack to the reflector. By
turning the alignment bolts located on the flange as mounting hardware, an
operator can center the reflector in the light beam using the cross hairs on the
telescope and the back lit reflector. To conduct the test the test unit was placed on
the gimball fixture and set to zero degrees horizontal and vertical. The transceiver
is then calibrated for a pathlength of 8 meters.

Rotational Misalignment- A neutral density filter of opproximately 10% opacity is
inserted into the light path and the transceiver output is recorded. The gimballed
fixture is then adjusted to show horizntal misalignment of 2% opacity. The
transceiver alignment telescope (bullseye) misalignment is then verified. The
horizontal is then adjusted to indicate zero using the lens alignment and the
transceiver output is verified to be the same as its initial reading.

Lateral Misalignment- Using the same configuration as above. the reflector
assembly is moved laterally until the transceiver output indicates 2% opacity
Misilignement is verified using the transceiver telescope (bullseye).

B. CALIBRATION ERROR TEST

The Calibraion Error test is reformed in accordance with Paragraph 7.1.4. of the
40CFR60, App B, PSI at the Monitor Labs facility in Englewood, Colorado. Low,
mid and high range calibration filters are used. Fifteen non-conseutive test are
completed using the three calibration filters (five readings with each filter), The
calibration error 1s represented by the sum of the mean differences plus 95 percent
confidence interval expressed os a persentage of the known filter value. The initial
certification of the neutral density filter is preformed by the National Bureau of
Standards.

C. RESPONSE TIME TEST

The response Time test is preformed in accordance with Paragraph 7.1.5. of
40CFR60, APP B, PSL. The high range calibration filter is inserted into the light
path five times. The upscale response time is the time it takes the system to
respond to 95% of the filter value when the filter is inserted into the light path, The
downscale response time is the time it takes the system to respond to 5% of the
filter value when the filter is removed from the light path,



D. SPECTRAL RESPONSE

The transceiver in test 1s mounted on a Jerrat Ash monochrometer, Model 32-415.
The monochrometer is designed to measure the sprectral response of the
transceiver's electronics and electro-optical components. This is accomplished by
reflecting light through the monochrometer and into the transceiver in intensities
from 300 nm to 800 nm in 20 nm increments. The transceiver output results are
recorded. The test is repeated with the return mirror blocked thereby negating any
errors that may be caused by internal reflections in the monocrhometer. The
transceiver output results are recorded. The results of the spectral response
analysis are provided in the spectral response data sheet.

E. ANGLE OF VIEW AND ANGLE OF PROJECTION

The angle of view and the angle of projection are primarily a function of the basic
optical component design and are not subject to any significant changes. The AOV
test was preformed IAW section 6.3 of 40CFR60, App. B, psi and AOV test

was preformed IAW section 6.4 of 40CFR60, App. B, PSI. FOR the purpose of
compliance to 40CFR60, App B, PSL, AOV and AOP curves have been included.



PROJECTOR UNIT MISALIGNMENT TEST

Image as viewed from optical head alignment sight.

/f“‘\

[

Retro Image ~

Gunsight Reticle

Properly Aligned

Vertical Misalignment

Horizontal Misalignment



REFLECTOR UNIT MISALIGNMENT TEST

Image as viewed from optical head alignment sight.

Retro Image

|
Gunsight Reticle

Property Aligned

Lateral Misalignment



CALIBRATION ERROR DETERMINATION

Person Conducting Test ERNEST RAY KILLIAN Analyzer Manufacturer MONITOR LABS
Affiliation Mornitor Labs, Inc. Madel/Serial No. L.8541-0428
Date 15-Oct-96 Location NORTH CANTON, OH.
Monstor Pathlength, L1 1.824 m Outlet Pathfength, 1.2 2.440 mefers
Monitoring System Ouiput Pathlength Corrected? Yes x No OPLR = 0.669
Calibrated Neutral Density Filter Values:
Desired Optical Density {(Opacify): Path Adjusted Optical Density (Opacity):
Tocl No.
Low-Range 0.100 (2000 ) Low-Range 0.060 { 16.820 ) 562
Mid-Range 0400 (6000 Mid-Range 0.291 ( 59.199 ) 1459
High-Range 0900 (8750 ) High-Range 0.629 ( 25.605 ) 517
Run Calibration Filter Value Instrument Reading Arithmetic Difference
Number (Path-Adjusted Percent Opacity) (Opacity), percent (Opacity), percent
Low i
1-Low 16.820 16.400
2-Mid 59,199 60.000
3-High 85.605 85.300
4-Low 16.820 16.400
5-Mid 59.199 60.000
6-High 85.605 $5.200
T-Low 16.820 16.400
8-Mid 56.199 60.000
-High 85.605 85.300
10-Low 16.820 16.800
11-Mid 59.199 60.100
12-High $5.605 85.100
13-Low 16.820 16.400
14-Mid 59.199 60.000
15-High 85.605 85.300
Remarks: Arithmetic Mean (Equation 1-2) X
(1) Calibration Errc <= 3% Opaciiy. Standard Deviation (Equation 1-3) Sd
Confidence Coefficient (Equation 1-4) c¢c
Calibration Error % (Equation 1-5) Er




II1. CALIBRATION ERROR TEST DATA SHEET
(*Enter data in the "Instrument Ouiput” blocks.)

Run No. Instrument Qutput
0 zero
1 low
2 mid
3 high
4  low
5 mid
6 high
7 low
8  mid
9 high
10 low
11 mid
12 high
13 low
14  mid
15  high

s
N

ZCro

10



1. CALIBRATION FILTER SELECTION DATA SHEET

Al Desired attermator optical density based upon instrument span:

Opacity %

Low 0.100 20.000

Mid 0.400 60.000

High 0.900 87.500

B. Nominal (ideal) optical density based upon desired value x (L.1/L.2):

Opacity %

Low 0.075 20.567

Mid 0.299 60,189

High 0.673 87.411

C. *Enter Actual O.D. Values; Optical Density Opacity (%)
*Low 16.820
Audit Quarter; *Mid 59.199
*High 85.605

Calibrated Attenuator Optical Density/Opacity
2 Low-range Mid-range High-range
40,000 0.050 11,000 0.100 20,000 0.200 37.000
50.000 0.100 20.000 0.200 37.000 0.300 50.000
60.000 0,100 20.000 0.200 37.000 0.300 50.000
70,000 0.100 20.000 0.300 50.000 0.400 60.000
80.600 0.100 20.000 0.300 50.000 0.600 75.000
90.000 0.100 20.0600 0.400 60.000 0.700 80.000
100,000 0.100 20,000 0.400 60.000 0.900 87.500




RESPONSE TIME DETERMINATION

12

Person Conducting Test: ERNEST RAY KILLIAN
Affiliation: Monitor Labs, Inc.
Date: 15-Oct-96

Analyzer Mfgr.

Model / Serial No.

Location

MONITOR LABS

1L.5541-0428

NORTH CANTON, OH.

High Range Calibration Filter Value:
(Optical Density)  0.629

Upscale Response Value (0.95 x filter value)

81.325

Actual Optical Density {Opacity)
Path Adjusted Optical Density (Opacity)

percent opacity

Downscale Response Value (0,05 x filter value)

4.280

percent opacity

( 87.500 %)
( 85.605 %)

Upscale

T

Downscale

th B W B = Ln

Average Response

1.80

2.00

1.70

2.10

2.00

2.80

3.00

2.90

3.30

3.10

2.47

seconds
seconds
seconds
seconds
seconds
seconds
seconds
seconds
seconds
seconds

seconds




IV. RESPONSE TIME TEST DATA SHEET
{(*Enter "Upscale” and "Downscale” values.)
Ugscale

h R W R =

Downscale

th dn W b




Detector Response (%)

SPECTRAL RESPONSE

106.00 t

90.060

84.00

70.00

60.00

50.00

4
/

30.00

20.00 /

10.60

0.00 7‘ - ——G—4

-10.00

= < = &
& - re) o3
[ 0 13 e

Monechremeter Setting (nm)

300
340
380
4260
460

660

700

749
780

S/N: LS541-0426

Data Sheet 1:3
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SPECTRAL RESPONSE DATA SHEET 15
Serial No. 1.5541-0426 COperator: ERNEST RAY KILLIAN
Date: 10-Sep-96
Monochrometer Corrected Relative Spectral | Response,
Setting {(nm) | Test Output | Dark Qutput{ Output Diff | Multiplier | Diff | Transmission | Response | % of peak
300 8.00 8.80 -0.80 4.14 -3.31 -0.022 -6.52
320 9.00 9.00 0.00 2.80 0.00 0.000 0.00
340 9.00 9.00 0.00 2.08 0.00 0.000 0.00
360 11,00 11.00 0.00 1.63 0.00 0.000 0.00
380 14.00 14.00 0.00 1.47 0.00 0.000 0.00
400 19.00 10.00 0.00 1.32 0.00 0.000 0,00
420 12.00 12.00 (.00 1.22 0,00 0.000 0.00 0.00
440 52,00 12.00 40.00 1.13 45.20 0.297 130.46 23.30
460 £0.00 12,00 68.00 1.06 72.08 0,473 217.51 38.84
480 100.00 12.00 88.00 1.03 90.64 0.593 28541 50.97
500 130.00 12.00 118.G0 1.00 118.00 0.774 387.04 69.11
520 135.00 12.00 123.00 1.00 123.00 0.807 419.57 74.92
540 145,00 12.00 133.00 1,02 135.66 0.890 480,56 85.81
560 160.00 12.00 148,00 1.03 152.44 1.000 560.00 100,00
380 144.00 12.00 132.00 1.04 137.28 0.901 522.32 93.27
600 133,00 12.00 121.00 1,05 127.035 0.833 500.07 89.30
620 129.00 12.00 117.00 1.07 125,19 0.321 509.17 90.92
640 93.00 12.00 86.00 1,10 94.60 0.621 397.17 70.92
660 75.00 12,00 63.00 1.11 69.93 0.459 302,77 54.07
680 55.00 12,00 43.00 1.12 48.16 0.316 21433 38.36
700 23.00 20.00 5.00 1.14 5,70 0.037 26,17
720 20.00 20.00 0.00 1.17 (.00 0.000 0.00
740 30,00 30.00 0.00 1,20 0.00 0.000 0.00
760 45.00 45.060 0.00 1.25 0.00 0.000 0.00
780 | 5000 51.00 -1.00 1.30 -1.30 -0.009 -6.65
800 100.00 100,00 0.00 1,33 0.00 0.000 0.00
Totals: 8.792 493987
Remarks:
(1) Corrected Diff = Output Diff x Multiplier Mean Response = 561.83 nm
{2) Relative Transmission = Corrected Diff 7 Max Carvected Diff Peak Response = 56000 nm

(3} Spectral Response = Relative Transmission x Monochrometer Sefting

{4} Mean Response = Sum Spectral Response / Sum Relative Transmission
(3) Response, % of peak shaded values must be < 10 %.




V. SPECTRAL RESPONSE DATA SHEET
(*Enter "Test output" and "Dark Gutput.")

Monochrometer
Setting (nm) Test Output Dark Output

300 8.00 8.80
320 9.00 9.00
340 9.00 9.00
360 11.60 11.00
380 14.00 14.00
400 10.00 10.00
420 12.00 12.00
440 52.00 12.00
460 80.00 12.00
480 100,00 12,00
500 130.00 12.00
520 135,00 12.00
540 145.00 12.00
560 160.00 12,00
580 144.00 12.00
600 133.00 12.00
620 129.00 12.00
640 98.00 12.00
660 75.00 12.00
680 55,00 12.00
700 25.00 20.00
720 20.00 20.00
740 30.00 30.00
760 45.00 45,00
780 50.00 51.00
800 100.60 100,00

16



Detector Output

ANGLE OF VIEW
100.00% -
—N\
‘ T
I / \
90.00% # \?
— L
80.00% -
70.00% |
60.00%
50.00% -
40.00%
i
30.00% - ]
20.00% | I \
| / \
A
10.00% - -
TAY
— —d H\\ | -
0.00% a—M ‘
e 5 8 8 € 8 & 2 8 8 2
~F ) ol - < o o - o ) <
Degrees

| —e— Left/Right —— Up/Down |

S/N: L8541-0426
ROV 3.8 degrees ||

Data Sheet 1:1

17



VI. ANGLE OF VIEW DATA SHEET
(*Enter Black Clothy, left, right, up, down data.)

Black Cloth (VOLTS) =
Dir ; Left /Right Up/Bown
CM | (M.VOLTS) | (MLVOLTS) Degrees Left/Right Up/Down
0.0 44,000 4G.000 0.000 100.00%  100.00%
2.5 35.000 34.000 0.480 87.18% 84.62%
5.0 10.000 12.000 0.960 23.08% 28.21%
7.5 1,700 2.000 1.430 1.79% 2.56%
10.0 1.000 1.000 1.900 0.00% 0.00%
12.5 1.000 1.000 2.380 0.00% 0.00%
15.0 1.000 1.000 2.860 0.00% 0.00%
17.5 1.000 | 1.000 3.330 0.00% 0.00%
20.0 1.000 1,000 3,810 0.00% 0.00%
22.5 1.000 1.000 4.290 0.00% 0.00%
25.0 1.000 1.000 4,760 0.00% 0.00%
22.5 1.000 1.000 4,250 0.00% 0.00%
20.0 1.000 1.000 3,810 0.00% 0.00%
17.5 1.000 1.000 3.330 0.00% 0.00%
15.0 1.000 1.000 2.860 0.00% 0.00%
12.5 1.000 1,000 2.380 0.00% 0.00%
10.0 1.060 1.000 1.900 0.00% 0.00%
7.5 1.400 5.000 1.430 1.03% 10.26%
5.0 13,000 10.000 0.960 30.77% 23.08%
2.5 36.000 35.000 0.480 89.74% 87.18%
0.0 40.000 40.000 0.000 100.00%  100.00%
Max= 40.000 40,600 Left 1.43 degrees
Min= 1.000 1.000 Right 1.43 degrees
Diff= 39.000 39.000 Up 1.90 degrees
Down 1.90 degrees
Horizontal 2.86 degrees
Vertical 3.80 degrees

AQV 3.8 degrees




Detector Cutput

ANGLE OF PROJECTION
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S/N: L5541-0426 Data Sheet 1:2

[AGP 2.8 degrees ||




V1. ANGLE OF PROJECTION DATA SHEET
(*Enter Black Cloth, left, right, up, down data.)

Black Cloth (VOLTS) =
Dir | Left /Right Up/Down

CM | (MLVOLTS) | (M.VOLTS) Degrees Left/Right Up/Down
0.0 33.000 38.000 0.000 100.00%  100.00%
2.5 35.000 34,000 0.480 91.89% 89.19%
5.0 20,000 15.000 0.960 : 51.35% 37.84%
7.5 1.000 1.000 1.430 0.00% 0.00%
10.0 1.000 1.000 1.900 0.00% 0.00%
12.5 1.000 1.000 2.380 0.00% 0.00%
15.0 1.000 1.000 2860 0.00% 0.00%
17.5 1.000 1.000 3.330 0.00% 0.00%
20.0 1.000 1.000 3.810 0.00% 0.00%
22.5 1,000 1.000 4.290 0.00% 0.00%
25.0 1.000 1.000 4,760 0.00% 0.00%
225 1.006 1.000 4.290 0.00% 0.00%
20.0 1.000 1.000 3.810 0.00% 0.00%
17.5 1,600 1.000 3.330 0.00% 0.00%
15.0 1.000 1.000 2.860 0.00% 0.00%
12.5 1.000 1.000 ' 2.380 0.00% 0.00%
10.0 1.000 1.000 1.900 0.00% 0.00%
7.5 1.000 1.000 1.430 0.00% 0.00%
5.0 25.000 20.000 0.960 64.86% 51.35%
2.5 34,000 36.000 0.480 89.19% 94.59%
0.0 38.000 38.000 0,000 100.00%  160.00%

Max= 38.000 38.000 Left 1.43 degrees

Min= 1.000 1.000 Right 1.43 degrees

Diff= 37.000 37.600 Up 1,43 degrees

Down 1.43 degrees

Horizontal 2.86 degrees

Vertical 2.86 degrees

AQP 2.9 degrees




_INSTRUMENT OVERVIEW |

: The L5541 is a rugged precision insrument that -

. measures visible emissions or opacity. it was designed
to accommeodate curment and future EPA regulatory
requirements and is based on our experience with over
5000 successful installations. It incorporares state-of-
the-ar measurement capabilities and provides new and
unique performance data in both serial and analog
formnats. The complete measurement system is designed
for the hostile industrial ervironment and requires very
little maintenance,

The LS54 1 provides opacity measurerments cor-
rected to stack exit conditions with two separate
opacity alarms. A microprocessor provides exrensive
self-diagnostics thar simplify setup, operation and main-
tenance of the instrument. 1554] canbe usedin
other applications te monitor particulare density or
optical density in a fiue gas.

The LS54 1 calibration cycle provides an automatic
- check of the complete electro-optic system, This cali-
bration cycie determines and comects for zero/span drift
and window dirt/zero compensation.

The L5541 aliows for a variety of measurements
that are availabie in 4-20mA analog form (opacity,
wansmiriance, oprical density. and partcuiate density).
The RS232/422 serial digital output is easily configured
for connection to a DAS or serial printer.

FEATURES

ACCURACY~—The zero and span calibration check mech-
anism provides an exact simulation of a clear stack
condition and a known upscale measurement. It cor-

- rects itself for zero and span dirift as well as for window

_ dirr accumulation. The unit incorporates an extremety

rugged signal processing system rhat eliminates the
effsegéts of noise, lamp intensity variations. and changes
in ambient light,

FLEXIBILITY—Three measurement outputs are configur-
able for either opacirty. transmittance, optical density, or
panticulate density and are comrected to stack exit
conditions. Each ourput can be independently ranged
for the application.

RS232/422 SERIAL/DIGITAL OUTPUT—The ourput pro-
vides a compiete record of the calibration performance
parameters and measurement values along with a time/
darte stamp. A complete listing of all configuration
paramerers can be output on demand to verify instru-
ment sewp.

RELIABILITY—The transceiver and reflector units contain
no continuously moving parts. The zero calibration
reflecror and transceiver/reflector optics are protected
from the stack gases by an air-purge systemn. As a
backup, the transceiver and reflector oprics are also
protected by a removable and replaceable BK-7 glass
slide assembly, The span filter is conrained within the
sealed ransceiver housing and is never exposed to
stack gases. ' '

REFERENCE METHOD COMPATIBILITY—The full pho-

. topic spectral response duplicares the response of a
. light adapted human eye, As a resiilt, the measurernents

compare with visual smoke measurements (40CFR60,
app. A, Ref. Meth. 9) and are valid with all types of audit
ters. .

COMPLETE STATUS INFORMATION —Zero and span
drift are intemally computed with maintenance alarm at
2% limit and out-of-control fault at 4% limit. The LS541
also provides both an anaiog and digital record of the
occumence and clearing of all alarm and fault conditions.,

COMPLUIES WITH PENDING REGULATORY REVISIONS —
The LS541 provides the capability to track and record
changes in the optical path length ratio in both analog
and digital format. It also allows for the recording of

bipolar drift with an expanded scaie on conventional
chart recorders, .

1]



541

The L5541 meets or exceeds LS. EPA design and performance
requirements as specified in 40 CFR 60. Appencix B. Perrorm-
ance Specification i,

PERFORMANCE SPECIFICATIONS . -
Opacity measurements &re provided within the following specifi-
cations. based on equivalent single-pass response:

Zero Drift: Less than 1% :

Calibration Drifr: Less than 1%

Calibration Error/Accuracy: =2%

Response Time: Less than 5 seconds .

Analog Qurpur Resciprion: 0.5% of full scale

Serial Digital Qutpur Resolution: 0.1% opatity

OPERATING TEMPERATURE

Transceiver Ambient: —20°C 1o + 54°C { ~20°F to + I30°F)
Conrol Unit Ambient: +5°Cto +43°C(+40°F to +110°F}
Process Gas: Up to 399°C (750°F) standard: consult éacrory for
higher temperature configuration.

OPTICAL SYSTEM . . .
Doubie-pass. dual beam system empicying ratiometric measure-
ment technigue. Visibie Iiiht optical projection and detection
system with solid-state/electronic light modulation system. No
. CONtinuously moving COMPONENts in Tansceiver. .
Lamp- incandescent lamp in prealigned base. expected life
30,000 hours, . i N
Specrral Response: Approximately photopic. with peak and
mean response berween 500 nm and 600 nm. and tess than
10% of peak response outside the desired 400 nm to 700 nm
region comprising the visibie light spectra
Bandwidth: Within £ 20% of photopic. or berween BO and 120
nm as tneasured ar the 50% tesponse points. !
Optical Divergence: Light source angle of projection is less than
= 2* from opucal axis; photodetector angie of view is less than
= 2* from oprical axis.
Alignment: Observed visually b{ea.cthming the alignmenz sole-
noid that displays the received beam on ah aiignment targer in
the transceiver. A misalignment comesponding 10 a 2% change
in opacity is visible. An integrared retroreflector alignment
system is available on certain models.

MEASUREMENT SYSTEM

Calibration: Calibration can be activated automarically at select-
abie hourly intervals (0-99). or manually from either the stack or
conrtrol unit. The calibration mechanism provides a complete
check of the systern slectro-optics., utilizes zero caiibration
reflector and glass-span fileer.

Time/Dare: Internal ciock and calendar with bamery backup
provide conrtinuous accurnulation of time and dare. :
Measurernent Averages: Seiectabie fast averages of 0-99 sec-
onds, and selectable siow averages of 0.99 minutes.

Opaciry Alarms: Two, independently setrable high and early
waming alarms.

Calibranion Drift Alarms: Waming at 2% opacity, fult at 4%
opacity.

Window Dirr/Compensation Alarm: 4% opacity.

OPLR Change indication: The systemn maintains two indepen-
denr values of the OPLE, the onginal OPLR {bumed into PROM)
and the current/working OPLR {(operator accessible via pass-
word}. Both values are o inthe iary Performance Para-
merers Output data stream, and in the serial RS232/422 output,
Anaiog Output Selection: Opacity corrected 1o stack exit condii-
Hons. transmiltance, oprical density, pariculate density. and
auxiliary performance paramerers.

Senial Data Outpur Seiection: Opacity exceedances, fast aver.
ages, of slow averages with compiete calibration data including
OPLR, drift measurements, window dirt/compensation, alarms
and warnings—all with time/date stamp. On demand listing of
configuration and operating variables.

PHYSICAL
Conrol Unit: (hxwxde 102 x00x 19in.(1734x483x254 crm
Wearther Covers: ihxwx .. 301225223 n.,70.2x57.2 x
58.4 cmi: approxmately 454 kg 1 1001b.: per side mciuching
weather cover. air-purge biower, and tansmMssomeer
Reflecror: Standard retrorefiecror assembies are avalable tor
flange to flange separation cistances rom 3 1o 40 teet. Consul
facrory for other distances.

Air-Purge System: Two blowers per system. one each torf the
wranscever and the retrorefiecton: thiee-stage ar hitration and air
purge failure getection. Air-Furge tiows: 105CIM at 33" H,0
{78 crny/emin at 840 mmj at 60Hz: 10 5CFM at 257 H.0

(78 cm./min &t 630 mm) ac S0Hz.

UTILITY REQUIREMENTS - . : :
Control Unit: | 15Vac = 10%. 50:60Hz. 1T, 1A: 230Viac = 10%.
50Hz 12.0.5A. -

Air-Purge Biowers: 115Vac = 10%. 50 60Hz. iC. 3 5 FLA, 10.6
LRA: 230Vac = 10%, S0/60Hz. tZ. 1.7 FLA, 5.3 LRA (current
requirements per blower). o
Transceiver/Stack Interface Assy: §15°230Vac’ £10%. 10,50/
S0HZ. 1A

CONSTRUCTION ' : U .
Transceiver/Reflector: NEMA 4 cast aluminum transceiver
hou:‘eng with rernovabie access covers chained to housing and
welded sreel refiector assembiy.

Wearher Covers: Corrosion resistant fiberglass weather-tight
cover with mregral heat shieid:mounting plare: hinged sice-

opening cover with gasket provides full access to all equipment

wiring.

Conrol Unit: 19 inch rack or panel-mount. Front panel hinges
down for full access 1o manual controis and electronics. Rear
panei mounted wiring terminals,

T INSTALLATION INTERFACES :

Weather Covers: Mounts to customer-suppiied 6 in. (15.2 cm)
150# flanges: typicai 6 in. (15.2 cm) long. Scheduie 40 pipe.
Adapters available for other flanges.

Cabie: Stack to control unit. six overall shielded, twisted shieided
pairs. 18 AWG (minimum).

OUTPUTS

Analog Qutpurs: Three linear 4-20mA outputs. individually
programmed. Outputs can be scaled for stack-exit Opacity from
0% to 100% in % increments: light ransmission from 0% to
100% in 1% increments: oprical density from 0.0 to-1.0Qin 0.001
increments: particulate density from 50 to 9999 mg/m* in

50 mg/m? increments, }

Digital Qutpurs: RS232 or RS422 (DBOF connector) is available,
ROM-based communication software transmits data in datalogger
format to interface with a DAS or a serial printer. Baud rare { A
4800, 2400. 1200). parity (odd. even. mark: none), and harchware
handshake signais are programmabile. o '
Contacts: Four single pole. single throw (SPST). 1 15Vac. 5 amp
contact closures for early waming, alarm, calibration, and general
insoument fault. Contacts can be modified for NO or NC

- pperaton.

MADE INTHEUS.A.

Monitor Labs. inc. (formerly Lear Siegier Measurernent Conrrols
Corporation) reserves the right to rdke changes in construction.
design, specifications, and/or prices without prior nonice,

MONITOR LABS, INC.
formeny .

Laer Sager Warmsreman Loty Corparosrn

74 \wress Drwo Esot
Engisxspon, CO BOY 125188
{303) 782-3300 + Fea [203) 7884653

[

Prinved in USA PL/LS 541/4/948
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Part Number: 004149

RADNITDR LABS, INC.
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Warraty

Al Jarrell-Ash products are guaranteed against defective parts or workmanship for one year,
except for electronic components which carry the guarantee of their manufacturer. in keeping
with a policy of continued research and improvement, the Jarrell-Ash Division reserves the
right to alter specifications.and to supply equipment differing from that described. Defective
items will be replaced free of charge, transportation charges to be borne by the customer.

DAMAGE IN SHIPMENT

IT 1S THE RESPONSIBILITY OF THE BUYER TO
INITIATE ANY CLAIMS FOR SHIPPING DAMAGE.

On all shipments the customer is responsible for reportmg any damage in shlpmerrt‘to the
carrier and for arranging inspection of-any damaged' parts. In the case of shipment F. Q..
Waltham, the :custormier. is respansible for filing any damage claims w:th the carrier. -

Afthough Jarrell-Ash mstrumeﬁts:are ‘sturdily constructed; they can be damaged throuéh severe.
~ handling in shipment. The. Jarrell-Ash . Division cannot: make 2ny adjustment for such damage
and will charge for any repa:rs and/orparts nmq

-.-..«»

fICarefully examine 'the crate for superﬁc:al e\ndence rough treatment. Even'if such: -evidence -

|~ “is not-apparent, do not waive-claim for damage;:since hidden damage can often be“rgvealed_-;
* = . only by close inspection ofthe assembled: mstmment.Relmbursement fromthe carri mll be:

The entire instrument has been constructed of rugged components selected for iong fife pro-
" vided reasonable care is shown. If any major-parts need repair or replacement contact the
nearest Jarreil-Ash Division representatxve orthe fad:ory for advice, . . e o

Investigation of faulur&s ‘and. repair of eiectromc componeﬁts should be
performed only by qualified personnel : R

RETURN OF GOODS

Jarreli-Ash sales policies do not perrnrt goods to. be retumed to the factoty for credlt

repair, restocking or replacement under existing warranties including goods damaged in
transit, without prior authonzatmn. Indu:ate senal number of any mstrument
being retumed. - - - . ST

CONTRACT DATA

Manufacturer's Model Number

Manufacturer's Serial Number

Customer's Contract Number
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SECTION 1 INTRODUCTION

1-1 General Description

All Jarrell-Ash 82-410 Quarter-Meter Monochrematars are
now provided with one 1180 g/mm, 66.0 my blaze grating
and one 2360 g/mm, 300.0 myu blaze grating. Use of the
2360 g/mm grating effectively eliminates the problems
of re-entry spectra and high stroy light in the 300.0 mu
region. The gratings con be interchonged simply by
“flipping'’ en external control knob. Two separate wave-
length counters are provided for maximum convenience,
Additionally, the added dispersion provided by the 2350
g/mm grating permits higher resolving powers to be ob-
tained over the 200.0 to 500.0 my range.

The 82-410 monochromator mey be used as @ mono-
chromatic ifluminator or s a spectrometer in o wide
variety of applications, including meosurements of:
absorption, tronsmission, #mission, reflection, odic-
tion, fluorescence, phosphorescence and low level
luminescence of all types. |t is useful as e source of
monochromatic light for microscopes, photometers, and
- other spectrometric uses. The versatility of the Model
82-410 Series Monochromater makes it the standard
monochromator for general use in physics, chemistry,
biology laborateries. The instrument is suitable for
use in the ultroviclet, visible and infared.

This menuval should be read and understocd thoroughly
prior to commencing instaliation, operation, and/er
servicing.

1-2 Equipment Specifications

17.7 x 22.1 x 21.4 em

77 x 8:3/4“ x 12-1/2"

Overall dimensions:

Weight: Approximately 12 |bs.

Focal Length: 0.25 meter

Linear Dispersion: 3.3 mp/mm with 1180

grooves/mm grating

1.65 mp/mm with 2360

grooves,/mm groting

Aperture Ratio {Speed):
Model 82-410 f/3.5

Gratings (two Supplied): Ruled Area
64mm x 64mm
Repiicas, 1180 grooves/mm;
2360 grooves/mm

Gratings Blazed at: 300.0 mp end 500.0 my

Resclution:
{(half-band width at Beftter than 3A resoclution at
313.1 mp) 3131 A (Order |, with 60,000

LIP grating or 3131 Order |§
with 30,000 LIP) with 150

slits.
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Less than 0.2% measured
over a range of 2000 A to
4000 A, using a Tungsten or
Hydregen source with a 1P28
PM tube detector.

Scattered Light:

Slits: Twol'ISO micron slits, stand-
ard interchangeable.

Focusing slits in line on op-
posite sides of instrument

Slit Arrangement:

Calibreted Readouts: Preadjusted and calibroted,

three digit wavelength diais
read directly in millimicrons,
0-900 equivalent to O to 900
my, occuracy +1 mpu.

Wovelength Drive
Coverage:

0 to 900 mpu.

1-3 Component ldentification and Description
1-3-1 OVERALL YIEW 82-410 (Figure 1)
1. Interchengeabie Slit
150y, stondard width, others avaiiable.
2. Slit Focus
A #6-32 x 3/4" long ovel tip set screw is provided
in the right hand threaded hole in the slit face plate,

and is used to set focus.

3. Two nylon tipped set screws are used to retain the
focus tube position.

4. Wavelength Drive Knob
Hand rotated to cover 0-999.0 my.

5. Mounting holes for electric drive accessories.

Figure 1



45-542-A-01
45-543

43-543-A-01
45-544

45-344-A-01

45-544-A.01

Tungsten Lamp for 45-541

Xenon Lomp ond power supply. For
115 volts, 60 cycles, single phase.

Xenon Lomp

Mercury Lamp & Pewer Supply. For

115 votts, 50/60 cycles, singie phose.

Mercury Lamp. Fer 115 velts, 50760
cycles, single phase.

Mercury Lamp.

1-4-2 MOUNTING AND SCANNING ACCESSORIES

Catalog Number

B2-414

82-451
B2-452

82-453

B2-455

82-454

82-457

B2-456

82-442

Cataiog-Number

10-014
10-024
10-034
82-443

10-104

10-114

Spectrai Viewer, including iliuminated
reticle.

Gear Assembly for wavelength drive.

Motor unit for 10 mp/min. For 115
volts, 60 cycles, singie phase,

Motor unit for 10 mup/min. Feor 115
voits, 50 cycles, single phase.

Motor unit for 25 my/min. For 115
volts, 60 cycles, single phose,

Motor unit for 25 mu/min. For 115
volts, 50 cycles, singie phese,

Motor unit for 100 mu/min. For 115
volts, 60 cycles, single phase.

Motor unit for 100 mu/min. For 115
volts, 50 cycles, singie phase.

Adaptor for Jorrell.Ash Accessory
Bors of 10-000 series.

Jarrell-Ash 100 em bor.
Jerrell-Ash 125 em bar.
Jarreii-Ash 150 cm bar.

t:uptor for trianguler prefile optical
r.

Triangular profile, 50 ¢m opticol
bench.

Trionguler profile, 100 cm optical
bench.

11-043

11-044

985-30-20-18
985-30-20-24
985-30-30-30
985-30-30-36
985-30-69-50
985-30-10-17

1-4-4 SLITS
12-510
12-515
12-525
12-535
12-340

12-560
12-570

12-590
12-591

1-4-3 GRATINGS AND HOL.DERS
Catalog Number

Holder for two gratings of 69x69 x6
mm blank size. (Holder readily inter-
changed with one supplied with
instrument.)

Holder for one groting of 69 x6%9x 10
mm blonk size.

Grating, 1180 grooves/mm, blazed for
3000 A.

Grating, 1180 grooves/mm, blazed for
6000 A,

Grating, 590 greoves/mm, blozed for
1.2 microns,

Groting, 295 grooves/mm, blozed for
2.1 microns.

Grating 50 grooves/mm, blazed for
10.0 microns.

Grating, 2345 grooves/mm, blazed
for 3000 A.

Slit width 25 microns,
Slit width 50 microns.
Slit width 100 mierons.
Slit width 250 microns.
Slit width 500 microns.

Stit width 1000 microns.
Slit width 2000 microns.

Circuler aperture, 3mm dia.

Circular aperture, $mm dia,

1-4-5 POWER SUPPLIES AND AMPLIFIERS

Catalog Number

26-780

Power Supply Amplifier for DT oper-
otion. For 110 volts, 60 cycies.

1-4-6 PHOTOMULTIPLIERS

83-021

Side Window Photomultiplier Tube
Housing with wired socket,



SECTION 2 PRE-OPERATIONAL CHECK

2-1 Unpocking

The 82-410 should be corefully unpacked and inspected
for any visible signs of damage. The customer is re-
sponsibie for filing any domage claim egainst the car-
rier. All items should be checked against the packing
list so that no small parts will be discerded with the
packing material.

2-2 lInstallotion

The §2-410 is shipped completely assembled, adjusted,
and caiibrated. However, the grating yoke is locked in
place by o red screw, which must be removed before
operating the instrument.

2-2-1 Remove the main compartment cover plate.

2-2-2 Remove the Red, grating yoke shipping screw.
Follow the directions on the blue cord attached to the
~ main compartment cover plate.

2-2-3 Replace the cover plate.

Note The shipping screw should be rerained ond
replaced, whenever the instrument is to be
transported to @ new location.

2-3 Optical Alignment Procedure

The 82-410 has been completely aligned and calibreted
at the factory, and NO further adjustments shouid be re-
vired. However, fo insure that no demage has occured
juring shipment, or that the alignment has not been dis-
turbed, a visual check of the alignment should be mode.
The complete alignment procedure is ocutlined in the fol.
lowing steps, and should be followed closely to insure

preper aperation.

2-3-1 Remove main compartment cover plate.

2-3-2 Set e bright tungsten source at the entronce slit
{150 ). The light beom reflected from the 45° mirrer
(B, Fig. 3) should be centered on the rear collimating
mirror (C-1, Fig. 3), which is closest to the entrance
slit.

2-3-3 Then remove the tungsten source to the exit slit
(150 4). The light beom reflected from the 45° mirror
(E, f!‘ig. 3) should be centered on the rear collimating
mirror {C-2, Fig. 3) which is closest to the exit slit.

Note Do not adjust the 45" mirrors before checking
the rest of the alignment,.

2-3-4 Remove the tungsten source from the exit slit and
plece @ mercury lamp ot the entrance siit (1504).

2-3.5 Rotate the groting selector knob to the 1180 g/mm
grating {High) pesition.
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Figure 3

2-3-6 Rotete the wavelength drive until o bright blue
mercury line is seen visibly through the 150 . exit siit.
Set the counter at 871.5 mu, by lcosening the set screw
on the small counter gear (2, Fig. 4).

2-3.7 Rotate the groting selector arm yntil the 2360
g/mm grating adjusting screw contacts the magnetic
stop. A blue mercury line should be visible at the
exit slit.

Nete Exireme care must be token to prevent any
contact of the grating face, or mirror sur-
taces - Permanent domage will result.

Figure 4




All readings shouid be taken rotating the wave-
length drive in the some direction, to eiiminare errors
due to backlash.

2-4-5 If the counter readings obtained, for the various
mercury lines, exceed the frue wavelength vaiues by
more thon +1 mu, the wavelength drive will reguire some
edjustment,

2-4-& By plotting the wovelength calibration on a graph
as shown in Fig. 7; one is sasily able to determine
which odjustment is required to properiy calibrote the
wavelength drive,
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Figure 7

2-4-7 If the piot shows the error to be a curved line
bending up, as shown in Fig. 78; the set screw (7, Fig.
5) should be adjusted {1/2 tum or less) counter ciock-
wise. The set screw (7, Fig. 5) is adjusted clockwise
if the curve bends down.

2-4-8 If the plot shows the error to be a straight line
going up as shown in Fig. 7A; the length of the arm

{8, Fig. 5) must be shortened. Loosen cap screw

{5, Fig. 5} and adjust cep serew (6, Fig. 5) counter
clockwise (1/2 turn or less). Push the orm toward the
pivot and tighten cap screw (5, Fig. 5). The arm

(8, .Fig. 5) is made longer if the plat shows the error

to be o straight line going down.

Note All adjustments should be kept small.
Adjustmenss of 1/2 turn or less on all
odjusting screws are adequate.

2-4-9 Repeat Steps 2-4.2 through 2-4-8 until the cali.
bration is complete. Caolibration is compiete when oll
readings are within +1 mpu.

2-4-10 The second grating requires only to be zeroed
out at 546.0 myu. Refer to Para.’'s 2.3-5, 2-3-4, 2-3-7,
and 2-3-8. All peints shouid then be identicai to those
of the first groting.
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2-5 Use of Gratings Other than 1180 greove/mm

1. All Jorrell-Ash Model 82-410 monochromators
ore provided with wavelength counters calibrated
for 1180 groove/mm. To obtain direct wave-
length readings for other gratings, use the fol-
lowing table:

Grating For Counter Reading For Wavelength
Spacing Multiply Desired OR Multiply Counter
Wavelength by Factor  Reoding by Factor

23560 g/mm 1.0 1.0

1180 g/mm 1.0 1.0
590 g/mm 0.5 2.0
295 g/mm 0.25 4.0

2160 g/mm 1.83 ~ 0.5448

Hote At 545.0 mu when using a 590 g/mm grating
o green line wiil be seen ot the exit siit.
This line is the 2nd order of 546.0 mu. A
295 g/mm grating will show the 4th order
green ot a setting of 544.0 mu. The order
of the line will be the same os the factor
{described above) ot any particulor setting.

2~6 Interchanging Grating Holders

Additional gratings may be mounted in separate holders
{two per holder). Grating holders moy easily be inter-

chrnge& in the 82-410 by following the procedure listed
ow.

Extreme care must be taken 1o
prevent any contoct with foce
of groting. This will result in
permanent domoge.

CAUTION

2-6-1 Remove the moncchromaters main compartment
cover plate,

2-6-2 Unscrew the grating selector arm (1, Fig. 4).
2-6-3 Disconnect spring (3, Fig. 4) from grating yoke.

2.6-4 Lift entire grating yoke assembly (Fig. 5) until
the bottom pivot is free of the pivot boss, move the
bottom of the ?ruﬁng yoke to the reer of the instrument
until free of all obstacles before lifting it cut of the
monochremater,

24-5 To remove the grating and holder from the yoke,
grasp the dual hoider firmly at the sides ond pysh
against the spring loaded pivat (9, Fig. 5) ot the top of
the yoke. Swing the bottom of the holder cut end free
of ebstructions ond remove from yoke. Reploce @ new
grating and holder in the same manner. Care should be
taken to ensure that grating holder will rotare freely
within the grating yoke. '

2-6-6 Corefully replace grating yoke essembly within
the monochromator and compiete the assembly by re-

placing the spring (4, Fig. 4) and the selector arm
{1, Fig. 4).



SECTION 3 OPERATION

« 31 Monual Wavelength Drive

1. Turn the wavelength drive knpb to the region of
interest i.e., 250 mp = 2500 A.

2. Select the most efficient grating for the grea of
interest by use of the grating seiecter. Note that
the selector knob will turn 180° enly. Do not
force this selector knob.

3. Hluminate the entrance slit with the desired source.

4. Install the desired phototube or detector at the exit
siit. ' ’

3-2 Electrical Waveleagth Drive

1. By use of an accessory kit, the unit can be converted
for electrical scanning with a cheoice of drive rafes:
10 mu/min. - Catalog No. 82-452; 25 mu/min. -
Catalog No. 82-455; 100 mu/min. Cotalog Ne. §2-457.
Each of these units contains & moter on @ mounting
plate, complete with drive gear, line cord, switch,
and plug.

2. Remove the cronk knob on the wavelength drive
shoft and ottach the drive gear (Cat. No. 82-451)
on the shaft,

drive motor

Figure 8

4.
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Replace handle, Insert knuried serews into oppro-
priate threaded holes {3, Fig. 1). Do not screw
these gll the way home.

The keyhole siots of the motor mounting bracket fit
over the knurled screw heads. Slide motor vertically
upwards for full engagement inte driven gear and
tighten knurled headed screws.

Connect line cord to @ 110 V, &0 eycle cutlet.

. The electrical drive is arranged to scan in o direction

of increasing waveiength only. When the electrical
drivde is in operation, the monual drive may not be
used.

To return to starting waveilength, switch OFF motor,
manually rotate wavelength drive to o shorter wave-
length region then switch ON the motor drive o
scan to higher wavelengths.

The motor is provided with o stall clutch mechanism.
If the high wavelength limit of travel is reached, the
motor will stall byt the switch will remain ON. it is
important, to switch OFF the moter before returning

the wavelength drive to o shorter wavelength setting.

For o change of wovelength drive speed, exchange
one motor drive unit for another. To do this, remove
line cord from the electrical outlet, loosen the
knuried headed screws and remove the motor drive
unit by use of the keyhole slots, Replgce the drive
unit of the desired speed and engage the electric
drive gear with the shaft gear, then tighten the
knuried screws.



8E Ferge Pariway (508) 520-1880
Post Office Box 9101 Fax (508) 520-1732
Fronkin, MA (2038-9101 Teimx: 174230 TIA UT

February 19, 19891

Mr. Joe Golaszewski

Lear Siegler

74 Inverness Drive East
Englewoed, Colorade 80112

Dear Mr. Golaszewski:

In reference to your question on the use of a HeNe laser to align
a Jarrell Ash 0.25 meter monochromator, this is an acceptable
method of alignment. Remember that the original Hg lamp method
used when the instrument was first designed was the only
available method, lasers were not commercially available in the
1950's.

In recent years the use cof HeNe lasers for alignment has becone
more prevalent, and I believe will ultimately replace the Hg lamp
method. Our largest customer of OEM spectrographs (0.275 meter
models) uses the HeNe laser method exclusively.

Please do not hesitate to contact us with guestions on this or
any matter pertaining to the 0.25 meter monochromator.

Regards,

s 7
7 .._,.-"‘_-—-—-—‘ . .. ¥
2L A 5/,/
/Z_-w' /% AL
Irene T. Galiher
Thermo Jarrell Ash

A subsisizrey of
Therae Instrumens
Systems inc.



DOCUMENT NO. 80501072 REV. 2 EFFECTIVE 3/01/81

IN=-HOUSE NEUTRAL DENSITY FILTER CALIBRATION

~

1.0 SCOPE

THIS PROCEDURE DEFINES THE METHOD FOR MAINTAINING THE CALIBRATION
OF ALL NEUTRAL DENSITY FILTERS USED TO TEST, VERIFY OR CERTIFY
ALI, OPACITY MONITORS MANUFACTURED AT LSMCC.

2.0 APPLICABILITY

THIS PROCEDURE APPLIES TO THE QUALITY CONTROL DEPARTMENT ASSOCI-
ATES AND ALL COMPANY PERSONAL WHO UTILIZE THESE FILTERS, EITHER
FOR IN-HOUSE OR FIELD USE.

3.0 RELATED DOCUMENTS

* CFR 40 PT. 60 PERFORMANCE SPECIFICATION 1
* MIL-STD-45662A CALIBRATION SYSTEMS REQUIREMENTS
* BECKMAN DU SERIES 7000 MANUAL

4.0 EQUIPMENT AND FACILITIES

* NIST GLASS FILTERS, SRM 930D (3), SET NUMBERS 10-1626, 20~1626
AND 30-1626.

* BECKMAN DU 7500 DIODE ARRAY SPECTROPHOTOMETER, S/N 4300139
(SEE PAGE 4).

5.0 RESPONSIBILITY

THE QUALITY CONTROL MANAGER AND ASSOCIATES, IN CONJUNCTION WITH
THE TECHNICAL SERVICE DEPARTMENT, SHALL FORM A PARTNERSHIP TO
INSURE COMPLIANCE WITH THIS PROCEDURE.

6.0 BASIC OPERATING PROCEDURE
6.1 ALL FILTER CALIBRATIONS PERFORMED BY THE QUALITY CON-
TROL DEPARTMENT WILL BE TRACEABLE TC THE NATIONAL INSTITUTE
OF STANDARDS AND TECHNOLOGY (NIST). THESE STANDARDS WILL BE
USED TO VERIFY THE ACCURACY OF THE CALIBRATION SPECTROPHO-

TOMETER PRIOR TO EACH QUARTERLY FILTER CALIBRATION OR RANDOM
QUALITY AUDITS.

6.2 THE QUALITY CONTROL DEPARTMENT WILL MAINTAIN A COM~-
PUTERIZED SYSTEM FOR THE TRACKING OF ALL FILTER CALIBRATION
ACTIVITY. THESE FILTERS WILL BE CALIBRATED ON A QUARTERLY
BASIS IN COMPLIANCE TO CFR 40, PT. 60, PERFORMANCE SPECIFI-
CATION 1.

7.0 TEST PROCEDURE
7.1 SPECTROPHOTOMETER VERIFICATION

7.1.1 EXECUTE THE PERFORMANCE VALIDATION TESTS AS OUTLINED
IN SECTION 20 OF THE BECRMAN MANUAL,
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FILTER CALIBRATION HISTORY (continued)

AFTER EACH QUARTERLY CALIBRATION. THIS REPORT WILL QUTLINE
THE SERIAL NUMBERS, NEW VALUES GIVEN, FILTER DRIFT AND ARY
FILTERS BEING ADDED OR REMOVED FROM THE SYSTEM.

44



Table One
Beckman DU 7500 Verification
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EArEOTTAgE Al TAa TR n

Eéiibrétsﬂa?elengtnﬂﬁuh

Runfests StopTests Print ~ Quit
Warning: Unblock the Beam : Instrusent numrbers: 4380139
Absorbance Noise test at 348nm Wavelength Tests
First reading = -0.090034A Accuracy
. Nomina} Actual Difference
51 = 0.8080870 4386.00 487.23 1.23
52 - 6.080038
S3 - 0.0048683 Repeatability
34 = 9.980859 Nominal Actual bifference
55 - D.R0OGEES 487.23 487.23 .08
SB = 0.000886
57 = 0.000068
58 = 9§.308855 Resoluytion Test
SS = .808877 Resolution: 1.8547nn

S10 = B.D0RBRsS)

Baseline Flatness Test
Average SD = B.0QO063 RMS Flatness: 0.0081

Stability Test
¥avelength = 340nm.
Period Delta Abs  Last Abs . Syx

BLAMNK (YI5 GW ] RediScan STATUS TIME DATE  TEMP CELL
MATCH DFF (UY ON ] RediRead DEVICES PrtScrn 97:55 106/01/95 N/R N/A



Table Two
Beckman DU 7500 Calibration
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CRIRTle CnROOnEnL RDAllZl5:

52

Saaples DispstdCurve — UiBWStats  Dispscans  Method SaveLiear PRrint 4U1t
Standards file: AINWORK_STD Bethod name: A:'440_NIST & ¢
LComponent name: 1626_18,28,38 Rpalytical wi: 448.8 nm
Bnits: 27 Bkol: [Ko ] 320.0 na
Curve fit: Linear, zerg intepcept Bkg2: (No 1 408.9 nm
Sampling device: Mone
Mumber of standardss: 4 Number of replicates: 1
RFead average time: B5.50 sec Flag standards over:s 1.800% CV

std  Rep Std Cale anaiyt  Bkol BEkg2 . Net
# § Conc Lonc Diff abs abs © abs abs Use

Read 1 0.3098 8.080B1 g.84481 g.80061 g.8081 (Y}

Fead 2 1.8210 1.0283 -08.0887 1.8281 1.8201 (Y]

Read 3 3.7320 9.7327 B.0887 g.7328 .7326 (Y]

Read 4 0.5298 8.52384 g.08g4. 0.5283 8.5283 (Y1

RPead §

BLRNK EVIS ON 7 RediScan STATUS T1IME DATE TEMP CELL

MATCH OFF (WY OM 1 RediRead DEVICES PrtScrn  08:04 18/01/96 N/R N/&




STnOiE s panen

DISDSCEHS:$

54

Method SaveCleapr P

Samples O0ispstdCurve v“UléﬁétatS Print Qufﬁﬁ
Standards file: Az\WORK_STD Method name: A:“465_NIST 3 ¢
Component name: 1626_19%,28,308 Anaiytical wWiz 465, B ne
Units: Z1 _BKgl: [No 1 328.8 n
Curve fit: Linear, zero intercept Bkg2: [No ] 488.0 n
Sampling device: None
Mumber of standards: 4 Number of replicates:z 1
Read average time: B5.58 sec Ftag standards over: 1.088¥ CV

std Rep Std Calc Analyt Bkgl Bkg2 Net
¥ ¥ Conc Conc Diff abs abs abs aps Use

Read 1 5.0080 9.0868081 5.3801 d.0881 y.9081 [Y]

Read 2 8.9558 8.95508 0.30868 - 8.3546 8.8540 [Y)

Read 3 B.6868 A.5858 -B.3882 0.6851 9.6851 Y1

Read 4 B.4810 6.4811 0.06881 0.48088 9.4306 V]

Read {

BLHNK [VI5 ON 1 RediScan STATUS TINE ‘DATE  TEMP CELL

MaTCH QFF [UY ON 1 RediRead DEVICES PrtScrn 98:11 18/81/96 N/R  N/A
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T e e

Samples DispstdCurve UleuStats Dlspbcans':'Metﬁbd“'éé;étféaF?FPFin% Ruxt”
Standards file: ANNWORK_STD Nethod name: R:\B46_NIST & ¢
Component name: 1626_198,29,38 finatytical wl: 546.8 nn
Unitss X7 Bkgl:z (o 1 328.8 na
Cupve fit: Linear, zero intercept Bkg2: [Ko ] 488.8 nwr
Sampling device: MNone ,

Number 0of standards: 4 Number nf replicates: 1

Read average time: 0.50 sec Flag standards ovep: 1.9087 CV
5td Rep Std Calc finalyt  Bkgl Bkg2 Net

# § Tonc rane Diff abs abs abs ahs Use

Read 1 0.uB08 -7.0888 -8.09006 -3.00138 -9.7888 [Y]

Read 2 §.9850 9.3844 -B.00OBS §.38358 9.9858 (Y]

Read 3 B.7978 B.7055 -9.0815 8.7093 8.7859 [Y1

Read 4 g.4940 8.4574 8.06034 B4 B.4977 (Y]

Rezd 5 ‘

BLHNK (VI35 ON 1 HediScan STATUS TTME DATE TeEMP  CELL

MRTCH OFF  LUY% ON 7 RediRead OQEVYICES PrtsScen Ag:16 19/81/96 N/A W/A



AN YeltonponEnt HnAlusas
Samples DispStdlurve ]

Method .Savellear

58

Print

RUIL |

Standards file: Az WORK_STD
Companent name: 1626_10,28,38
Units: =T

Curwe fit: Linear, zero intercept
Sampling device: None

Number of standards: 4

Read average time: 0.56 sec

Method name: A:\5390_NIST 3 ¢

Analytical wi: 599

B nm

Bkgl: [No ] 326.0 nm
Bkg2: INo 1 480.9 nwm

Number of repiicates: 1
Flag standards over:z 1.80Q% CV

Std Rep 5td Calc Analyt Bkgl Bkg2 Net

] ¥ Coanc fonc Diff abs abs abs ahs lfse
Read 1 EICELEL §.9001 9.90001 g.89081 g.a081 [Y]
Read 2 1.6378 1.6362 -5.,0008 1.935%6 1.0356 [¥Y]
Read 3 B.7438 B.7427 -8.0003 B.7423 B.7423 Y]
Read 4 0.52786 8.5230 6.0628 8.5287 8.5287 (7]
Read §

BLANK VI5 ON 1 Rediscan STATUS TINE DATE TENP  CELL

V1
MATCH OFF EUV OMN ) RediRead DEVICES PrtScrn

B8:20 19/B1/936 N/A

N/R.
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C5100 )8 LoRIOREAL HNALUSISEESLandards - .

SCLP |

Samples D1spotoLurve . ViewStats Disp “Method Savel)ear. nt GQuUIL
Standards file: R=“WORK_STD Wethod name: AI\B3IS_MWIST & 1t
component{ name: 1525_18,28,38 Analytical wi: 535.0 na
Units: XT . : Bkgl:z [No 1 3208.8 nm '

Curve fit: Linear, zern intercept Bkg2: [(No 1 468.0 nm

Sampling device: Mone

Number of standards: 4 Number of replicates: 1

Read average time: 8.50 sec : Flag standards over: 1.8887% CV

Std Rep Std Calc . Rpalyt Bkgl Bkg2 Net
8 # Lonc Conc Diff abs abs abs abs Jse

Reag 1 v.0p08 B.088l 8.06801 §.89801 gd.0081 (Y}

Read 2 9.3948 0.397%8 -@.040t 8.9953 $.3353 Y]

Read 3 8.7160 B.7156 -0.38084 B.7137 ‘ B.7137 (Y]

Read 4 B.5168 0.5168 .0086 B8.5153 8.5153 %3]

Read &

BLANK {VI5 ON ) RediScan STATUS TIHE DATE TEMP CELL

MATCH OFF [ ON 1 RediRead DEVICES  PrtScrn 89:28 16/81/96 N/&  N/4



S. Devarew of (olameres .
Waicolm Shatrgs

memie-  National Buremn of Standards

Certificate

Standard Reference Material 930D

Glass Filters for Spectrophotometry

This Standard Reference Material (SKRM) is intended 28 a reference source for the verification of the transmittance and
absorbance scales of spectrophotometers. SRM 930D consists of three individual glass filters in separate metal hoicers
and one empry filter hoider. The filter holders are provided with shurters that protect the glass filters when aot in use.
These shntters must be removed at the time of messurement and be repieced after the mezsurements have been
compisted. Each metal holder bears & fiiter umber (10, 20, or 30) ind & set ideatification aumber. The upper left corner
of ench filter has been removed to indicate correct orientation in the metal holder, The certified transmuttance values are

given below,
TRANSMITTANCE (T) TRANSMITTANCE DENSITY (-log;oT)
SRM 930D
Filter Wavzlength, nm ) Wavelength, nm
Number (Spectral Bandpass, nm) {Spectral Bandpass, nm)
& Set

Ident. | 440.0 | 465.0 | 546.1 | 590.0 | 635.0 | 440.0 | 465.0 | 546.1 | 590.0 | 635.0
(2.2) | (2.7) | (6.5) | (5.4) | (6.0) | (2.2) | (2.7) | (6.5) | (5.4) | (6.0)

10-1626| 0.0952| 0.1109] 0.1035§ 0.0919 0.1005| 1.021 0.955 G.985 1.037 0.998

20-1626{ 0.1852| 0.2063! 0.1963| 0.1806| 0.1922} 0,732 G.686 0.707 0.743 0.716

30-1626| 0.2962| 0.3301! 0.3205{ 0.2968| 0.3047| 0.528 0.481 0.494 0.527 0.516

Date of Centification: 7.4/ /, / 79/

The uncertainty of the cerrified tranymittance value is 20.5 percent at the time of certification. This uncermainty includes
the effects of the randora and systematic errors of the calibration procedure, as weil as posuibie transmittance changes of
the filters during the peniod of calibration.

The trznsmittance values (T) can be converted to percent transmittance (%T) by multiplying by 100. The transmittance
densities are caicuiated from the messured transmittance (T). These vaiues shouid be indicated bv the absorbance scale
of the spectrophotometer if the filters are mensured aguinst air. The transmittance vajues given were measured against
air at an amoient temperatyre of 22.5 *C.

Aging of the glass may cause some fiters to change transmitiznce by 2bout = percent over 1 period of approximarely
one yeer {rom the date of caiibration. [mproper storage or handling of the filters may also cause changes (5], Itis
recommended that the filters in the hoiders be handled only by the edges with soft plastic (poiyethyigne) gloves and
optical lens tissue. When not in uss they shouid be stored in their hoiders and in the container provided forthis purpose.
Extended exposure to lzboratory stmosphere and dusty surroundings shouid be avoided. [n cases where verification is
desirabie. the {ilters should be returned to the National Buresu of Standards for cleamng and recaiibrauon.

The research, development, and initial production of this SR M were conducted by R. Mavrodinesau and J.R. Baldwin.
NBS Inorganis Apsiytcsl Research Division

The tranymirtance measurements were performed by R. W. Burke, M.V. Smith, and R. Mavrodineznue, NBS Incrgenic
Anaiytical Research Division, Technical lexdership for the preparstion and messurements leading 1o cemﬁcauon was
provided by R.W. Burke.

The overzl direction and coordination of the technical mensurements leading to cerification were performed under the
chairmanship of J.R. DeYoe, NBS [norganic Analyuesl Resesrch Division.

The technical and support aspects involved in the preparation, certification, and issyance of this Standard Reference
Matenal were coordinated through the Office of Standard Reference Materials by L1, Powell

Gaithersburg, MD 20899 Staniey D. Rasberry, Chief
August |5, 1984 Office of Standard Reference Matenais
{Revision of Certificate {over)

dated 8-1-7TN



Table Three

Photopic Response Curve
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§EB3E8EELSE

510

BEEIEEEZEE

610
820

tactor

0.00040
G.00120
0.00400
0.01165
0.03300
0.03%00
0.03000
0.08100
0.13800
0.20800
0.33300
0.50300
0.71000
0.83200
005400
0.89600
0.80500
0.85200
0.87000
0.75700
0.863100
0.50300
0.38100
0.20500
0.17500
0.16700
0.03100
0.03200
0.01700
©0.00820
0.00410

64

Welghting Factor

1.00000

0.30000

0.80000

0.70000

0.60000

0.50000

0.40000

0.30000

0.20000

0.10000

Source C, Human Eye Response Facter




Quartery Neutral Dansity Filter Calibretion
Forth Quarter. 1896

Optical Danslty Tood No. Tech Dats

0.0434 645 ERK 10/3/98
0.042% 583 (=34 16/1/98
0.0430 497 B 10/1/38
0.0608 821 ERK 10/196
0.05413 438 K 101196
0.05486 B41 EAK 101196
0.0698 ka2 ERK 10/1/98
0.0928 848 ERK 10138
0.1128 837 ERK 101196
0.1288 530 ERK 10/1/98
0.1412 848 ERK 10196
0.1913 544 ERK 10/1/36
0.2158 513 ERK 10/1/38
0.2254 520 ERK 10/1/96
0.2273 528 ERK 10/1/36
0.2867 561 ERK 10/1/36
0.2885 6538 ERK 101196
0.3353 632 ERK 10/1/36
0.3401 514 ERK 10/1/88
0.3478 643 ERK 10/1/98
0.3738 560 ERK 101158
0.3780 si8 ERK 1071738
0.4178 482 ERK 10/1/96
0.4884 548 ERX 10/1/38
0.4836 508 (3714 1011796
0.56163 638 ERK 1017886
0.5321 5569 ERK 10/1/98
0.6371 531 ERK 10/1/28
0.5998 5568 ERK 10/1/38
0.6253 E42 EAK 10/1/38
0.6294 6517 ERX 10/1/28
0.8373 640 ERK 101198
0.8384 508 ERK 1011796
0.7360 512 ERK 1011196
0.7480 847 ERK 101738
0.8360 534 ERK 10198
0.8333 557 ERK 10/1/98
0.84586 539 ERK 101798
0.8592 508 ERK 10/1/98
0.9205 511 ERK 101196
0.9835 568 ERK 10/1/98
0.3848 522 ERK 10/1/98
1.0307 607 ERKX 10/1/98
0.3188 4398 ERK 10/1/98
0.583% 733 ERK 1011798
0.6983 734 X 10/1/96
0.0763 1467 ERK 10/1/98

0.231 1463 - B 10/1/98
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EPA Opacity Design Specification Verification Procedure for
Lear Sieglier Measurement Controls Corporation Manufactured
Opacity Monitors, Models 1100M, MC2000, MC2500

Document Number 80501071, Rev. 5

Effectivity Date - January 31, 1991
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1.0

1.0.1

.1

1.1.0

Test Parameters and Fixture Descriptions
Instrument Selection

Randomly sample one analyzer for each month’s production and perform
the following tests. Section 2, Angle of View. Section 3, Angle of
Projection . Section 4, Optical alignment Sight Test. Section 5,
Spectral Response.

If this analyzer fails any of the test requirements, the month’s pro-
duction must be resampled according to the to mititary standard 105D
sampling procedure (MIL-STD-105D) inspection level II. The sampie must
be determined acceptable under MIL-STD-105D procedures, to quality-
Tevel 1.0. .

Test Fixtures
Calibration Rail System

The calibration rail system used in the opacity calibration area uses
two 1/2" linear bearing shafts spaced 12.5" apart and attached to steel
tables. The shafts are aligned to be level and true within .125" over
the length of the table. Plates with four linear pillow blocks are
used as surfaces along the shafts, A system of different fixtures has
been developed that allows us to mount to the top surfaces of the
plates and give us the ability to perform a variety of different opaci-
ty monitors with very littie change over time.

Rail Mount Test Fixture - Trans (LSMCC # 80501015)

This fixture is designed to mount the transceiver to the calibration
rail used in the opacity set up area. The intent of this fixture is to
allow the test personnel the ability to mount the transceiver in tine
with the calibration rails to perform the monthly EPA Opacity Specifi-
cation Verification test. The fixture allows the transceiver to be
mounted at standard position and rotated to 90°, 180°, and 270°
allow for testing during the angle of view and angle of projection
tests.

Rail Mount Fixture - Reflector (LSMCC # 80501016)

This fixture is designed to mount to the calibration rail used in the

69



.10

2.2.0

Light Source/Detector Assy (Part #80501035)
Rail Mount Test Fixture - Reflector (LSMCC Part #80501016)
Set up

Install the rail mount test fixtures on the calibration rail #2
(307).

Mount the Unit Under Test (UUT) on the rail mount transceiver test
fixture, transceiver should be in the standard test position,
which is 180° off standard mounting.

Position the fixture at the mark on the calibration rail scale.

Install the 1ight source/detector assembly on the rail mount
fixture. Verify that it is set up of light source. Verify that
both adjustments are set to zero, and that the top adjustment
biock is set properly. This sets the fixture center point.

Position the light source assembiy at the mark indicated on the
calibration rail scale. (NOTE: This mark is set for a path of 3
meters, from the light source to the mounting8ng flange of the
transceiver.

Connect an DVM to TP1 in the stack power supply of the UUT.
(Connect the return to the (-) side of CI3.) This will monitor
the UUT detector output.

Apply power to the UUT.

Apply power to the light source/detector assembly.

Verify that the Tight source is lit.

Verify, and or adjust the photo detector aperture plate so that
the Tight from the source is centered in the aperture.

Set the DVM to DC voits, set the scale to 10 VDC. Verify that
reading is less than .5VDC> Record this value on the test data

sheet.

Angle of View Test

Note: After rotating the transceiver at 90° intervals, use the gim-
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3.2.0

calibration rail scale. (NOTE: this mark is set for a path of 3
meters, from the detector to the mounting flange of the transceiver.)

Connect a DVM to the TPI in the stack power supply of the test
detector. (Connect the return to the (-) side of Cl13.) This
will monitor the output of the test detector.

Apply power to the UUT,

Apply power to the test stack power supply.

Verify that the 1ight pattern is centered on the light
source/detector assembly.

Set the DVM to DC volts, set the scale to 10VDC. Verify the
reading is less than 4.0 VDC. If reading 1is above this, adjust
the lamp duty cycle to lower light output.

Place a black cloth over the front of the UUT light path and take a
reading. Record this value on the test data sheet.

Angle of Projection Test

 Note: After rotating the transceiver at 90°intervals, use the gim-

balled transceiver fixture to re-center the light pattern from the
UuT. -

Adjust the left to right adjustment on the light source/detector

rail assembly to the 2.5cm mark, and adjust the front to back adjust-
ment to the 2.5cm mark. Record the output detector on the test data
sheet in the row for left direction.

Continue making adjustments at 2.5cm intervals and record the
detector output at each point. Stop at the 30cm point.

Return both adjustments back to zero.

Rotate the transcejver 90°, clockwise to the 90°position.
Repeat steps 3.2.1 through 3.2.3 for the down direction.
Rotafe the transceiver 90°, clockwise to the 180°position.
Repeat steps 3.2.1 through 3.2.3 for the right direction.

Rotate the transceiver 80°, clockwise to the 270°position.

T3



4.3.0

4.4.0

5.0

5.0.1

Using the horizontal adjustment on the transceiver rail mount test
fixture, adjust horizontally until the system output changes 2%
opacity. 75

Place the instrument in align position and verify that there is an
indication of misalignment, as defined in the operations manual.

Return the horizontal adjustment to zero.
Optical Alignment Sight Test - Lateral

Using the adjustment on the transceiver rail mount test fixture,
adjust Taterally until the system output changes 2% opacity.

Place the instrument in align position and verify that there is an
indication of misalignment, as defined in the operations manual.

Return the lateral alignment adjustment to zero.
Optical alignment Sight Test - Reflector Alignment

Using the Tateral adjustment on the refiector rail mount fixture,
adjust laterally until the system output changes 2% opacity.

Place the instrument in align position and verify that there is
and indication of misalignment, as defined in the operations
manual.

Return the lateral adjustment to zero.
Spectral Response Test

Equipment Required

Oscilloscope

Standard DVM (Fluke Model 85 or equivalent)

1100M System with power supply, control unit, and pre-aligned
transceiver.

Standard Test Cables

Spectral Response Fixture (LSMCC Part #80501036)



I. GENERAL DESCRIPTION DATA SHEET 77
(*Enter the following information, This will be automatically entered in the cert. report.)
1 Customer name
2 Installation Site (address)
3 Facihity Location (city,state)
4 Instrument Manufacturer MONITOR LABS
5 Instrument Model Number L8541
6 Transceiver Serial Number
7 Control Unit Serial Number
8 Power Supply Serial Number
9 Reflector Serial Number
10 Date Instrument Tested

11 Monitoring Pathlength, L1 (0.305m=~1£.) fr
12 Emission QOutlet Pathlength, L2 ft
13 Flange to Flange Dimension ft. :
14 OPLR. g

15 Instrument Span (% opacity) 100 %

16 Test Unit Serial Number L8541-0426

17 Date Test Unit Manufactured 10-Sep-96

18 Date Test Umt Tested 19-Sep-96

19 Test Unit Testing Conducted By: ERNEST RAY KILLIAN

20 Optical Alignment Test (pass/fail)
21 Recorder Manufacturer

22 Recorder Mode! Number

23 Recorder Serial Number

24 Sales Order Number

25 Work Center Number (MSS #)

26 Top Assembly Number

27 Certification Number

28 RGR Number

29 Person Conducting Calibration Test:

a5s

30 Notes:




Quartarty Neutral Density Filtter Audit

%

Custorner nams

Installation Site (address)
Facility Location (city,statc)
Instrument Manufacturer
Instrument Model Number
Transceiver Serial Mumber
Monitoring Pathlength, L1
Emission Outlet Pathlength, 1.2
Flange to Flange Diteension
OPLR.

Recorder Manufacturer

Recorder Model Number
Recorder Serial Number

Ideal Neutral Density Filters:

Tow 0.075
Mid 0.299
High 0.673

Calibration Error test Data:
{*Enter date in "Instrument Cutput”.)

Rur No. Tnstrument Output
1] Zere
1 low
2 mid
3 high
4 fow
3 mid
3] liigh
7 low
g mid
9 high

10 low
11 mid
12 high
13 low
14 mid
15 high
16 Zern

Response Time Test Data:

(*Enter "Upscale” and "Downscale” values.)
Upscale

secands

seconds

seconds

seconds

L

seconds

Downszcals

seconds

secondls

seconds

seconds

L N S

seconds

FRELIMINARY CERTIFICATION REFORT

THE HOOVER COMPANY
101 E. MAPLE STREET
NORTH CANTON, OH.
MONITOR LABS

L8541

L.3541-0428

1.824363 m

244 m.

2.440 m.

0.669

CHESSELL

300E  TOOL# 942

0101-1523
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Quarterly Neufral Density Filter Audit

PRELIMINARY CERTIFICATION REPORT
Customer name

Installation Site (address)
Facility Location (city,state)
Instrzment Manufacturer
Instrument Model Number
Transceiver Serial Number
Monitoring Pathiength, L1
FEmission Outlet Pathlength, 1.2
Flange to Flange Dimension
O.PLR,

Recorder Manufacturer

Recorder Model Number
Recorder Serial Number

Ideal Neutral Density Filters:

Low 0.075
Mid 0.299
High 0.673

Calibration Error test Data:
(*Enter data in "Instozment Output”.)

Run No. Tnstrament Cutput
D Zero 2 f
1 low yne
2 migd Lo, 0
3 _hish | g4 3
4 low &: “f
5 mid__ | Hdegd
§ __hgh | g5 2
7 low [Gref
8 mid | po-o
g high | 54,3
10 ow | f&: 8
11 mid | &8/
12 high F5, 1/
13 low lhstf
14 maid G0
15 ngh | 87, 3
16 Zero EE

Response Time Test Data:

*Enter "Upscale” and "Downscale” values.)
s e
H / ’ seconds
2 2 2 seconds
3 e 7 secons
4 2./ seconds
5 2,0 seconds
Downscale
1 2.8 seconds
2 F, 2 secands
3 ; # i seconds
4 ? FJ 3 seconds
5 3,/ seconds

THE HOOYER COMPPANY
101 E. MAPLE STREET
NORTH CANTON, OH.
MONITOR, LABS

L5541

1.8541-0428

1.8243 m.

2.44 m.

2.440 m.

0.669

CHESSELL

300E  TOOLK 942

9101-1523

78
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CALIBRATION ERROR TEST

1.5541-0428

INSTRUMENT SN:
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" CHART No.'Gbzen)
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INSTRUMENT 8N:

DATE:

LS5541-0428

15-0ct-96

CALIBRATION ERROR TEST

79



LS54,

Customer: HooWER LonPANY Date:0C 7./ /5 ;1 ) FF6
PTG TN Pl T

Location: /o) E HAPLE STREET §.0.:_Koe34al

Preliminary Setup Checklist:

___é_ EPROM Version: REY—b.2 REL-A

__,_:,,<_ Stack I.D.: &  Fe. /75 1n. 1. 8LU43 7

__ 2~ stack Exit I.D.: £ _Ft.__ &  In. 2.447 .

Mounting Flange to Flange Distance: g Ft. o In. 2.4 4%

X OpLR .68

X Check Current Output Circuits &-201 H4-222 @~ 3 4-20C4

Zero and Span Unit
PaS Perform Filter and Response Time Test

X Misalignment Test [Most negativel _Jd L _¢ R _O U=/ /D

M reme ag_taken from 4 7 PC Boaxrd:
Reference Signal (From transceiver) TPl (Brown) T\

Measurement Signal (From transceiver) TP4 (Yellow) _J 2. my

Auto_Calibration Check Values:
Zero Calibration Point: _222.{ % Opacity

Span Calibration Point: 223.{ % Opacity

Tyvpe of Reflector;
| Scotchlite Serial #: LS541- o428
. - tc {
X plastic ' Technician: Wﬁ:{%%« @

Glass Q.A. Audit:




LS541™ Customer Information

customer: I /AL _HIOVER ZoNPAAY Date: OCJ J /77 1 }FFE
T AL PLAT

Location: /2] & mARPLE STREE] S.0.:_fAoe3448

Serial Nuﬁ:ber: LS8541-_ 042 &

EPROM Version: AREV=-6-3 REL-A

Stack I.D.: S Fe. M- T3 In. [ 82 H37

Stack Exit I.D.: g  Fe. O In. zZH4YA

Mounting Flange to Flange Distance: 2 __re. o In. Z.,4/4/-27

OPLR: 68

Power: //7”  VAC @ (50/60)Hz

Current Loops:

1 M - 20 mA 2o .20 A4 3 O

¢ H 2024

Specials:

Zero Calibration Point: 22¢-! % Opacity

Span Calibration Point: 623./ % Opacity

Type of Reflector:
Scotchlite
% Plastic

Glass



=g | 0 F A

Ls5Y)-o0odzr G
HONITOR LABS, INC.

LS54 OPACITY NCNITOR, COPYRIGHT 2994 ocl 1%, /994
SERIAL HUNBER 428

UNIT 1

YEAR 94

ORIGIKAL CPLR 0.68  10/07/96
CURRENT OPLR 0.68  10/07/96

10:06 10/15
AL START

IERD CAL CYELE
NOKINAL 0.1

10:07 10/15
HO FAILURES
10K

CAL END

10:07 10/15
O Jopc 0.1 st

10:07 10/15
IOPAC  10.0  FAST

] 16:07 19/15
10PAC  16.4  FAST

10:07 19/15
10PAC  47.2  FAST

10:07 1045
L iopac  60.0  FaST

10:07 10/15
10PAC  76.5  FAST

10:07 10/15
10PAC 85,3  FAST

10:07 10/15
10PAC 72.2 FAST

10:07 10/15 ‘
10PAC 6.4 FAST

10:07 10/15
10PAC  44.B  FAST

:T-—10:07 10/15
1GPAC 600 FAST

10:07 16/15
10PAC 72.5  FAST

, 10107 1015
€ 0P 85,2 FAST

10:07 10/15 0
10PAC 9.2 FAST

10:08 10/15
7 10PAC 16,4 £437



10:08
10PAC

é? 10:08
10PAC
16:08
lopac

19:08

T 1osac

10:08
10PaC

10:08
10 13PAC

10:08
$0PAC

10:08
2 1QPAC

10:08
1opac

10:08

/:l‘lﬂPﬁC

10:08
10PAC

10:08
2 10PAC

10:08
1opac

10:08
4 lopac

10:09
10PaC

P 10:09
Larac

$0:09
10P4C

10:09
/6 10PAC

10415
490.0

10/15
60.0

10/15
70.0

10415
85.3

10/15
72.0

10/15
16.8

10/15
18.2

10/15
60.1

16/15
12.5

10/15
85.3

10/15
70.4

10/15
16.4

10/15
39.0

10/15
66.0

16/15
13.7

10/15
85.3

16/15
§5.2

16/15
0.1

FAST

FAST

FAST

FAST

FAST

FAST

FasT

FAST

FAST

FAST

FAST

FAST

FAST

FasT

FAST

FAsT

FAST

FAST

FAaoRe 3. 2F 2L
LS5 — i 2 g

ver 12,199



- MONITOR LABS, INC.

LSS41 OPACITY MONITOR, COPYRIGHT 1994
SERTAL NUMBER 478

UNIT 1

YEAR 96

ORIGINAL OPLR .68 10/07/9¢
CURRENT OPLR 0.68  10/07/94

10:18 10/15

CAL START

- ZERD CAL CYCLE
Corac 0.4
10PAC 0.4

CAL DRIFT 0.3
IERD COMP 0.3
NCMINAL 0.1
10:19 10/15

NO FAILYURES

10K

CAL END

19:19 10/15
CAL START

SPAN CAL CYCLE
COPAC  23.5
10P8C  23.5
CAL DRIFT =000.9
SPAN CONP  -000.0
HOMINAL 23.1

10:22 $0/15
ND FAILURES
10K

CAL ZHD

10:28 10/15
i0PAC 0.1 SLOK

10:34 10/15
LOPAC 0.1  SLOW

10:40 10/15
10PAC 0.1 SLOW

A /[ e~ [
LS THlI~piaE
""5’_7: 1T,/ 9TE



